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(57) ABSTRACT

An apparatus for determiming a location of at least one object
on a touch surface, comprising: a light transmissive panel
defining the touch surface and including a controllable retlec-
tive boundary; an 1llumination arrangement configured to
introduce light into the panel; a control device configured to
selectively control the retlective boundary such that the light
may pass between a first layer and a second layer via an
opening in the reflective boundary; a light detection arrange-
ment configured to measure the light passed via the opening
and impinged on the touch surface; and a processor unit
configured to determine the location as a function of the
measured light passed via the opening and the selective con-
trol of the retlective boundary. A method and computer read-
able medium 1s also described.

20 Claims, 5 Drawing Sheets

22
20 (CPU)
S-Kp S—)[F:




US 9,035,909 B2
Page 2

(56) References Cited 2010/0302210 A1* 12/2010 Hanetal. .....ccccovveennne.. 345/175
2011/0074735 Al 3/2011 Wassvik et al.

U.S. PATENT DOCUMENTS

FOREIGN PATENT DOCUMENTS
6,597,348 Bl 7/2003 Yamazaki et al.

6,965,420 B2 11/2005 Lietal. WO WO 00/11515 3/2000
6,972,753 Bl 12/2005 Kimura et al. WO WO 02/054146 7/2002
7.432.893 B2 10/2008 Ma et al. WO WO 02/065177 Q/2002
2004/0252091 A1 12/2004 Ma et al. WO WO 2005/064365 7/2005
2006/0114237 Al 6/2006 Crockett et al. WO WO 2008/004103 1/2008
2007/0075648 Al 4/2007 Blythe et al. WO WO 2009/048365 4/2009
2008/0007542 A 1/2008 Fliasson et al.
2008/0150915 A 6/2008 Shibue et al. * cited by examiner



U.S. Patent May 19, 2015 Sheet 1 of 5 US 9,035,909 B2

_ -za (Memory)
FiIg. 2



US 9,035,909 B2

Sheet 2 of S

May 19, 2015

U.S. Patent

6

33

31
-
32

==_|

v

33a

4

P

/N

v

v

_Voi

AVAVAVERVAVSNANAS

| N —— e

A1

34

10

B2

X
o

B1

R
"

e
s
iy
0
et

o o
HEHAX
i}"’t

ot
L
*—.i. .ﬁ.*.ﬁ.

4
*




US 9,035,909 B2

Sheet 3 of 5

May 19, 2015

U.S. Patent

A g

!

Py
FIHF

A
L

P
A

i

ey

o

e

T

*

S

P

%

e

A

-
L7
4
+*
-

4

e

e

e

o
o v

e

e

e

oy

o
"

i
L

4
4

o
-
*
*
o

e

e

e

e

o

*

4
A
4

T

o

e

e

b

b
i

Fy

;
L)

wlt
i*:*l_
A

o

FANANWANAN,

Py

",

e

)
{ |
.‘..
o

4
4

A

4

s

L

S
i
4

i
&

4
4

i

Rt
4

L2
4

W,

I
s

o

*

o
L

*
L

L
LM

4

L
s

¥

™y
A

e

W

g
4

o

e

y

oy
o

oy

W

7

-
el
*

>

LM,
L]

7
A
4

W

%

T
:;'*i
*

A

a

*

e

[

o

e

i

L

*

R

o
o

s
Tl

i
&

e

e

ey

"'
L]

*-r

Wl N
*ii

&

o
&

it
o
i

'F

2%

e

*

b

*
*i' ¢

i

s

e

W

%

L7
*

*

e

o

W

)

o

o

e

*-i-
o

A
L)

y g7
L
i
L

2

ol

WS

e
e

L

ot
o

A
Ll

4

e

oy

'F
&

4
i
s

'F

{ s
25
4
il

“
-
-
-
.
<_
<
2
<

*
o

bood

i

%
™y
[ X
e

n1
nZ

T..._..J_...__.i.._..i...__.t_
DR

S S
s
LN
WA
oEelatery
Aerdeney,
atetetet
wtea ety
Fatetel N
o
et Tety
ey,
Taledetel:
S
b
et leteY
» [

-r‘*

T
$ob
e PR
oS

a)

1-‘_1- +'I'

NS
24!

o5,

™
3

*_1-
4
or
#f&

i

oy

ﬂ&
)
Y

[

L]

n

(7%, 0,
ettt
Telet ol
ataete!
Wyl
2SS
A
wotaltels
Soe Aeted
o
Yolele’s:
b5 e
Yot etately
R WS
a Yelely
T
s,
-.._..'.h..‘..r.'. ) .q_...“..‘




U.S. Patent

May 19, 2015 Sheet 4 of 5

VVVVVVVVVV. “7

o e e e *‘#‘*‘#’Fﬂi"ﬁ o "’# R e e

R e e Syt g R e PR SR E R M 3

* f**lr*ir*i*i o ﬂﬂfgﬂ » ﬂﬂi‘ﬂr “ *1*:*: . }:{; e +*¢*i*i +
#" D P o S S S P

VAV

'l',', . ,',if,'**i'*i***‘****f*iﬂ* ++'i*f',:f:

PG 02525 G055 S G 5S I ﬁ* +

TSI T e TN TA T OO eI AT AT TAT
Attt Nttt T Mate et tatate ittt ittty e et e e et

h ettt titate el *+*+* r“'##a-ﬁ *+“'+*#+“' RN ‘+*n~*#+*+++“‘+#‘
DI H A *'“"* olelels *'“'“"’ "“”" aiels "’*"it#im#ti
sfelededeleleletetedelel Teteleledladeleds

VAVAVAVAV

'A'_n

'l"l' I"l' P P L L L T P L P P 'l"l"h

(TSI r + NS M N AR AN HIHH
oialalelely’ AR ++++++++++ aialeteleialalely
s RIS
oSS OSSN L*L 3 et e NS ..!d

VAVA

US 9,035,909 B2



U.S. Patent

May 19, 2015 Sheet S of 5

US 9,035,909 B2

J,

62
Introduce light

'

64
Control opening in a reflective boundary

'

66
Receive and measure the light

 /

68
Determine the location of a touch, as
a function of the :

- measured light
- control of the reflective boundary

'

70
Next sensing instance

Fig. 6



US 9,035,909 B2

1

TOUCH SURFACE WITH VARIABLE
REFRACTIVE INDEX

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

The present application claims the benefit of Swedish
patent application No. 0950650-2, filed 11 Sep. 2009, and

U.S. provisional application No. 61/272,321, filed 11 Sep.
2009, both of which are incorporated herein by reference.

TECHNICAL FIELD

The mvention relates to techniques for detecting the loca-
tion of an object on a touch surface. The touch surface may be
part of a touch-sensitive panel.

BACKGROUND ART

To an increasing extent, touch-sensitive panels are being
used for providing mnput data to computers, cell phones, elec-
tronic measurement and test equipment, gaming devices, etc.
The panel may be provided with a graphical user interface
(GUI) for a user to interact with using e.g. a pointer, stylus or
one or more fingers. The GUI may be fixed or dynamic. A
fixed GUI may e.g. be 1n the form of printed matter placed
over, under or iside the panel. A dynamic GUI can be pro-
vided by a display screen integrated with, or placed under-
neath, the panel or by an image being projected onto the panel
by a projector.

There are numerous known techniques for providing touch
sensitivity to the panel, e.g. by using cameras to capture light
scattered off the point(s) of touch on the panel, or by 1ncor-
porating resistive wire grids, capacitive sensors, strain
gauges, etc into the panel.

US 2004/0252091 discloses an alternative technique
which 1s based on frustrated total internal reflection (FTIR).
Diverging beams from two spaced-apart light sources 1is
coupled into a panel to propagate inside the panel by total
internal reflection. The light from each light source 1s evenly
distributed throughout the entire panel. Arrays of light sen-
sors are located around the perimeter of the panel to detect the
light from the light sources. When an object comes 1nto con-
tact with a surface of the panel, the light will be locally
attenuated at the point of touch. The location of the object 1s
determined by triangulation based on the attenuation of the
light from each source at the array of light sensors.

U.S. Pat. No. 3,673,327 discloses a similar technique also
using FTIR 1n which arrays of light beam transmitters are
placed along two edges of a panel to set up a grid of inter-
secting light beams that propagate through the panel by inter-
nal reflection. Corresponding arrays of beam detectors are
placed at the opposite edges of the panel. When an object
touches a surface of the panel, the beams that intersect at the
point of touch will be attenuated. The attenuated beams on the
arrays ol detectors directly identify the location of the object.

The FTIR techniques described above suffer from being
costly, 1.a. since they require the use of a large number of
detectors and often also a large number of light sources.
Furthermore, they are not readily scalable since the required
number of detectors/sources increases significantly with the
surface area of the panel. Also, the spatial resolution of the
panel 1s dependent on the number of detectors/sources. Still
turther, the energy consumption for illuminating the panel
may be considerable and increases significantly with increas-
ing surface area of the panel.
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2
SUMMARY

It 1s an object of the mvention to at least partly overcome
one or more of the above-identified limitations of the prior art.
In particular, 1t 1s an object to provide a touch sensitive panel
with a relatively low number of light emaitters and/or detec-
tors.

Hence an apparatus 1s provided for determining a location
of at least one object on a touch surface, the apparatus com-
prising: a light transmissive panel defining the touch surface
and comprising a {irst layer and a second layer arranged
intermediate the touch surface and an opposite surface; a
controllable reflective boundary formed between the first
layer and the second layer; an 1llumination arrangement con-
figured to introduce light into the panel for propagation by
internal reflection and for allowing the light (L) to impinge on
the touch surface; a control device configured to selectively
control the reflective boundary for forming a light-transmis-
stve opening 1n the reflective boundary, such that the intro-
duced light may pass between the first layer and the second
layer via the opening; a light detection arrangement config-
ured to recerve and measure an intensity of the light passed via
the opening and impinged on the touch surface; and a proces-
sor unit configured to, when the object touches the touch
surface and thereby attenuates the light passed via the open-
ing and impinged on the touch surface, determine the location
as a function of the measured light intensity and the selective
control of the reflective boundary.

It should be noted that the first layer can be arranged
underneath the touch surface and can form the touch surface
as well as be arranged underneath one or more other layers
that can form the touch surface. Also, the propagation of the
light by internal reflection can include propagation of the
light by internal retlection 1n the first layer, 1n the second layer
and/or 1n additional layers underneath or above the first and
second layers.

The light may impinge on the touch surface either before or
alter 1t passes the opening, and may pass the opening from the
first layer to the second layer or vice versa.

The light-transmissive opening in the reflective boundary
may be relatively small in comparison with an extent of the
panel, but may also momentarily cover the full panel prior
being moved or reduced along a planar direction of the layers.
The openming may, as will be described 1n more detail below,
be transterred 1n various directions of the panel. The transier
of the opening may be regular in terms of direction and speed,
but may just as well be performed 1n an arbitrary manner
and/or at a speed that varies over the time.

The light introduced by the 1llumination arrangement and
received by the light detection arrangement 1s electromag-
netic radiation, preferably with a wavelength selected within
the range of 10 nm to 1 mm.

In the inventive apparatus, the determining of the location
by the processor unit 1s relatively straight-forward as signals
obtained from the measured light intensity and the selective
control of the reflective boundary does not interfere 1n a
manner similar with e.g. a location determination based on
using measured light intensities in two main directions of the
panel. This reduces computational costs which provides for
using less expensive components as well as provides for more
eilicient determination of a number of locations simulta-
neously present on the touch-surface (multi-touch).

Also and 1n comparison with many prior art techniques,
since the intensity of the light must not necessarily be mea-
sured in two directions of the panel, the number of required
light emuitters and light detectors can be reduced.
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For forming the controllable, reflective boundary the first
layer may comprise a refractive index different from a refrac-
tive index of the second layer. More particularly, the first layer
may comprise a lower refractive index than the second layer.

The control device may be configured to form the opening,
by locally decreasing the difference 1n refractive indexes of
the first layer and the second layer.

The first layer may comprise a variable refractive index,
and/or the second layer may comprise a variable refractive
index.

More particularly, the opening may be formed by a local
increase of the refractive index of the first layer. The opening
may also be formed by a local decrease of the refractive index
of the second layer, either alone or 1n combination with an
increase ol the refractive index of the first layer. However,
changing the refractive index of the first layer only may be
more advantageous in that any diffusion of light during the
internal reflection 1n the second layer can be reduced, e.g. by
using for the second layer a more homogenous material with
more constant optical properties.

A reflective layer may be arranged between the first layer
and the sec- and layer, for forming the controllable reflective
boundary. In this case the reflection can be specular by apply-
ing e.g. a coating between the first and second layers, or the
reflection can be based on using a polarizing filter that retlects
the light.

The control device may be configured to systematically
transier the opening across the touch surface. This 1s typically
done at a certain rate, e.g. at 50-150 Hz and the opening is
advantageously transferred from one end of the panel to an
opposite end of the panel, such that the opening 1s transferred
under the full touch surface. The plane of the panel is prefer-
ably aplane that is parallel with the touch surface of the panel.

The control device may be configured to systematically
transier the opening 1n a direction parallel with a path of the
light from the illumination arrangement to the detection
arrangement. This 1s particularly suitable 1t the location of the
object shall be efficiently determined by using e.g. a time
resolved signal obtained by the transier of the opening and a
spatially resolved signal obtained by the detection of the light
detection arrangement. The path of light 1s commonly
referred to as the way a beam of light travels 1n the panel from
an mcoupling site to an outcoupling site of the panel. The
incoupling site typically represents the point(s) of the panel
where the light 1s introduced, while the outcoupling site rep-
resents the point(s) of the panel where light exits the panel.

The opening may be elongated and may extend between
two opposite sides of the panel. Preferably, the sides between
which the opening extends are different from sides of the
panel used for the mtroduction of light and the recerving of
the light. Hence, the opening may extend 1n a direction trans-
verse the path of light.

A width of the elongated opening may be larger than a
distance defined by: the distance between the reflective
boundary and the touch surface; and an angle between a
normal direction of the touch surface and the direction of the
light impinged on the touch surface.

The control device may be configured to selectively control
the reflective boundary such that a further (1.e. second) light-
transmissive opening 1s formed 1n the retlective boundary,
allowing the light impinged on the touch surface to pass
between the first layer and the second layer via the second
opening. The second opening can be transierred in the first
layer 1n a manner similar to the transferring of the other (first)
opening, and preferably the second opening has the same
shape and possibly also the same size as the first opening. The
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4

second opening can be transferred in the first layer with a
predetermined distance from the first opening.

The processor unit may be configured to determine the
location as a function of a momentary location of the opening.

The momentary location of the light-transmissive opening,
1s set by the control device that controls the location of the
opening as well as sends to the processor unit information
about how the location 1s set. In other words, the control
device continuously sends a signal representing the location
of the opening to two units: the reflective boundary, 1.€. to the
means implementing the retlective boundary, and to the pro-
cessor unit that determines the location. Of course, as the
skilled person realizes, the control device for the opening can
be a functional implementation that resides 1n the processor
unmt. From this 1t follows that the processor unit and the
control device can be implemented on the same physical
processing/control unit.

The panel may comprise a touch layer wherein the first
layer and the second layer are arranged underneath the touch
layer. Typically the touch layer comprises the touch surface,
which provides for more efficient internal reflection of the
introduced light as well as improved protection of the panel,
¢.g. by using a more durable material for the touch layer.

The second layer may be arranged underneath the first
layer, the 1llumination arrangement may be configured to
introduce light into the second layer, and the control device
may be configured to selectively control the reflective bound-
ary such that the opening allows the light to enter the first
layer from the second layer and impinge on the touch surface.

The control device may be configured to selectively control
the retlective boundary such that the light impinged on the
touch surface 1s allowed to enter the second layer from the
first layer, for further propagation in the second layer and
towards the detection arrangement.

The control device may be configured to selectively control
the retlective boundary such that the light impinged on the
touch surface 1s allowed to propagate 1n the first layer and
towards the detection arrangement.

The panel may be configured to allow propagation of the
light by total internal reflection 1n the second layer.

According to another aspect of the invention a method 1n an
apparatus 1s provided for determining a location of at least
one object on a touch surface The apparatus comprises a light
transmissive panel defining the touch surface, and the panel
comprises a first layer and a second layer arranged interme-
diate the touch surface and an opposite surface, and a con-
trollable reflective boundary formed between the first layer
and the second layer. The method comprises the steps of:
introducing light into the panel for propagation by internal
reflection and for allowing the light to impinge on the touch
surface; selectively controlling the reflective boundary for
forming a light-transmissive opening in the retlective bound-
ary, such that the mtroduced light may pass between the first
layer and the second layer via the opening; receiving and
measuring an intensity of the light passed via the opening and
impinged on the touch surface; and determining, when the
object touches the touch surface and thereby attenuates the
light passed via the opening and impinged on the touch sur-
face, the location as a function of the measured light intensity
and the selective control of the reflective boundary.

The mventive method may include functionality 1mple-
menting any of the features described above 1n association
with the mventive apparatus and shares the corresponding
advantages.

Moreover, according to a further aspect of the invention a
computer-readable medium 1s provided, which stores pro-
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cessing nstructions that, when executed by a processor, per-
torms the above described method.

Still other objectives, features, aspects and advantages of
the invention will appear from the following detailed descrip-
tion, from the attached claims as well as from the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the imnvention will now be described, by
way ol example, with reference to the accompanying sche-
matic drawings, 1n which

FIG. 1 1s a top plan view of an embodiment of a touch-
sensing apparatus for determining a location of at least one
object on a touch surface,

FI1G. 2 1s a cross sectional view of the apparatus 1n FIG. 1,

FI1G. 3 illustrates a first embodiment of the touch-sensing
apparatus, where a reflective layer 1s used for obtaining the
reflective boundary,

FI1G. 4 illustrates a second embodiment of the touch-sens-
ing apparatus, where a difference 1n refractive indexes 1s used
for obtaining the reflective boundary,

FIGS. 5a-5f1llustrate alternative embodiments using a dii-
ference 1n refractive indexes for obtaiming the reflective
boundary, and

FIG. 6 1s a flow diagram 1illustrating an embodiment of a
method for determining a location of at least one object on a
touch surface, performed by the apparatus of FIG. 1.

DETAILED DESCRIPTION

With reference to FIG. 1 and FIG. 2, an embodiment of
touch-sensing apparatus 1 for determining a location P of an
object 3 that touches a touch surface 4 is illustrated. The
touch-sensing apparatus 1 comprises a light-transmissive
panel 2 with an upper surface that defines the touch surface 4.
More specifically, the panel 2 may be planar or curved and has
an upper touch layer 5 defining the touch surface 4, a first
layer 6 arranged underneath the touch layer 5, and a second
layer 10 arranged underneath the first layer 6 and at 1ts lower
side defimng an opposite surface 11 generally parallel with
the touch surface 4.

In FIG. 1, a Cartesian coordinate system has been intro-
duced, with the x-axis being parallel to a first side 23 and to a
second side 24 of the panel 2 while the y-axis 1s parallel to a
third side 25 and to a fourth side 26 of the panel 2. The
exemplified panel 2 has a rectangular shape but may just as
well be e.g. circular, elliptical or triangular, and another coor-
dinate system such as a polar, elliptic or parabolic coordinate
system may be used for describing the location P and various
directions 1n the panel 2.

A reflective boundary 8a, 8b 1s arranged between the first
layer 6 and the second layer 10 for allowing light L to propa-
gate inside the panel 2 by internal reflection in the second
layer 10 and between the retlective boundary 8a, 85 and the
opposite surface 11, thereby preventing any light from enter-
ing the first layer 6 (and the touch layer 3) from the second
layer 10. A light-transmaissive opening Al 1s however formed
in the retlective boundary 8a, 85 such that light L. may enter
the first layer 6 from the second layer via the opening Al,
enter the touch layer 5 and impinge on the touch surface 4, as
illustrated 1n FI1G. 2. Light impinged on the touch surface 4 1s
reflected back towards the opposite surface 11 for, again,
allowing the light L to propagate inside the second layer 10 by
internal reflection between reflective boundary 86 and the
opposite surface 11. A control device 20 selectively controls
the location of the opening Al by generating a signal profile
S -X representing the time distributed extent of the opening
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6

Al along the x-direction, e.g. 1n the form of a time-resolved
rectangular function. Thus, the signal profile S -x exhibits a
local increase 1n signal level at a position X, along the x-axis
that corresponds to the x-position of the opening Al. Typi-
cally, the position X, 1s the average position of the local
increase of S,-x along the x-axis. In some cases when deter-
mining the location P, 1t may however be relevant to use a
lower limit X ,-s of the signal profile S -x.

Accordingly, a light propagation channel 1s provided
where either the reflective boundary 8a, 856 or the touch sur-
face 4 forms an upper boundary of the channel while the
opposite surface 11 forms the lower boundary of the channel.
The control device 20 selectively controls, by virtue of the
location of the opening Al, which of the reflective boundary
8a, 8b and the touch surface 4 shall form the upper channel
boundary at a certain location 1n the channel.

When the light L impinges on the touch surface 4, the touch
surface 4 allows the light L to interact with the touching object
3, and 1n the interaction, part of the light L may be scattered by
the object 3, part of the light L. may be absorbed by the object
3 and part of the light L. may continue to propagate unatlected.
The scattering and the absorption of light 1s 1n combination
referred to as attenuation. The interaction between the touch-
ing object 3 and the propagating light L typically ivolve
so-called frustrated total internal reflection (FTIR), in which
energy of the light L 1s dissipated into the object 3 from an
evanescent wave formed by the propagating light L, provided
that the object 3 has a higher refractive index than the material
surrounding the touch surface 4 and 1s placed within less than
several wavelengths distance from the touch surface 4.

The internal reflection between the reflective boundary 8a,
86 and the opposite surface 11 1s typically caused by total
internal reflection (TIR ) which 1s sustained as long as the light
L 1s injected 1nto the panel 2 at an angle to the normal of the
panel 2 which i1s larger than the critical angle at a light-
injection site of the panel. The critical angle 1s governed by
the refractive indexes of the matenal recerving the light at the
injection site and the surrounding material, as 1s well-known
to the skilled person. At the location of the opening Al the
light L may for a certain distance propagate by TIR 1n the
x-direction between the touch surface 4 and the opposite
surface 11, until the light L again 1s retlected between the
reflective boundary 8a, 856 and the opposite surface 11. Of
course, the reflection at the opposite surface 11 can also be
specular by arranging a thin layer made of e.g. aluminum
acting as a mirror.

Thelight L 1s coupled 1nto the panel 2 via an incoupling site
13 of the panel 2 and 1s coupled out from the panel 2 via an
outcoupling site 14. For example and as shown in FIGS. 1 and
2, the light L 1s coupled into (introduced into) the panel 2 by
an 1llumination arrangement 16 that couples the light L into
the second layer 10 at the mncoupling site 13 for propagation
in the x-direction. The propagated light L. 1s coupled out at
outcoupling site 14 and 1s recerved by a light detection
arrangement 18 that measures the energy of the light at the
outcoupling site 14. More specifically, the outcoupling site 14
couples out light from the second layer 10.

The 1llumination arrangement 16 comprises a set of light
emitters while the light detection arrangement 18 comprises a
set of light detectors. Each of the light emitters emits light 1n
the form of a beam that 1s recerved by an opposite detector,
such that the full panel 2 1s 1lluminated, 1.¢. a sheet of light 1s
created 1n the x-direction. In this embodiment, the emitters
typically are arranged at an edge portion of the second layer
10 and the detectors are arranged at the opposite edge portion
the second layer 10. Other techniques for creating a sheet of




US 9,035,909 B2

7

light 1n the panel can be used just as well, for example by
sweeping a beam of light at a certain frequency along the
incoupling site.

The light detectors detects light at the outcoupling site 14 at
different spatial locations along the length of the outcoupling
site 14, 1.e. detects light at the outcoupling site’s extension in
the y-direction. This detection generates a signal profile S -y
representing the spatial distribution of light at the outcoupling,
site 14. Accordingly, when the object 3 touches the touch
surface 4 and causes an attenuation of the light L, the signal
profile S -y exhibits a local decrease 1n signal level at a posi-
tion v along the y-axis that corresponds to the y-position of
the location P.

As can be seen from FIG. 2, the light L. can only be attenu-
ated by the touch when the opening A1l 1s located such that the
light L. can impinge on the touch surtace 4 at the position of
the location P, 1.e. when the opening A1 1s under the location
P. When the opening Al i1s located elsewhere (not under the
touch), the signal profile S,-y would not exhibit a (suiliciently
large) local decrease 1n signal level, as the object then can not
cause any attenuation.

As long as the touch-sensing apparatus 1 1s 1n a mode for
detecting touches, a signal S-y ., representing the signal profile
S -y 1s continuously sent from the light detection arrangement
18 to a processor unit 22 which then can calculate the location
P along the y-direction. More specifically, the sending of the
signal S-y, to the processor unit 22 can be implemented by
configuring the processor unit 22 to retrieve from the light
detection arrangement 18 data representing the spatial distri-
bution of light at the outcoupling site 14, such that the pro-
cessor unit 22 can generate the signal profile S.-y from the
retrieved data. Simultaneously the control device 20 continu-
ously moves the opening Al 1n the x-direction by generating
and sending to the panel 2 a control signal S-x, that corre-
sponds to the signal profile S,-x. The same control signal S-x,
1s sent to the processor unit 22.

The opeming A1 is typically created at the incoupling site
13 and 1s transferred to the outcoupling site 14 at regular time
intervals such as at a frequency of e.g. 50-150 Hz. Exactly
which frequency-value shall be employed may depend on
what technique 1s used for coupling the light into the panel.
For example, 1f a technique 1s used where a beam of light 1s
scanned 1nto the panel along the y-axis at a certain frequency,
the frequency of the transierring of the opening can be
20-1000 times greater than the light-scanning frequency.

Each mstance the full panel 2 has been 1lluminated and the
opening Al has been transierred across the panel at least once
1s referred to as one sensing instance or one iteration (repeti-
tive operation), and each sensing instance includes retrieval
of a certain number of signal profiles S,-y which each can be
uniquely identified by its index i={1, 2, . . ., n}. The exact
number of signal profiles S .-y retrieved during each sensing,
instance 1s defined by the number of times the spatial distri-
bution of the opening Al 1s changed during that instance.
Thus, the rate of the transier of the opening Al across the
panel 2 also defines the rate at which the signal profiles S -x,
S -y are retrieved by the processor unit 22.

The transfer of the opening Al gives a time distributed
location of the opening Al, and, as mentioned, the light L 1s
only attenuated when the opening Al 1s underneath the loca-
tion P of the touch, 1.¢. the signal profile S1-y exhibits a local
decrease at vy, the very moment the opening Al is located at
X,. From this 1t follows that the position of the location P
corresponds to or can be dertved from X, 1n the x-direction,
and to v, 1in the y-direction when the current x .-value results
in the local signal decrease in the S -y-signal profile, and
hence the location P 1s known.
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In other words, the location of the opening Al 1s always
known since the opening Al 1s regularly and repeatedly 1n a
scanner-like manner transferred 1n the x-direction by the con-
trol device 20. When the opening Al 1s at a certain position
(X ») at a certain moment and the signal profile S.-y exhibits a
local decrease at the very same moment, the certain position
(x,) then corresponds to the location P of the touch 1n the
x-direction. Accordingly, since the location P of the touch
along the y-direction 1s known from the spatial distribution of
light at the outcoupling site 14, the two-dimensional location
P of the touch 1s determined.

The apparatus 1 can also 1include an interface device 12 for
providing a graphical user interface (GUI) within at least part
of the panel surface 4. The interface device 12 may be in the
form of a substrate with a fixed image that 1s arranged over,
under or within the panel 2. Alternatively, the interface device
12 may be a screen arranged underneath or 1nside the appa-
ratus 1, or a projector arranged underneath or above the appa-
ratus 1 to project an 1mage onto the panel 2. Such an interface
device 12 may provide a dynamic GUI, similar to the GUI
provided by a computer screen. The interface device 12 1s
controlled by a GUI controller, which can be implemented 1n
the processor unmit 22, that can determine where graphical
objects of the GUI shall be located, for example by using
coordinates corresponding to the coordinates for describing
the location P of the touch.

With reference to FIG. 3, the retlective boundary 8a, 8b
can, for example, be realized by arranging a spectrum con-
trollable reflective polarizer 31, or reflective layer, between
the first layer 6 and the second layer 10. The first layer 6 can
here define the touch surface even tough 1t 1s possible to
arrange a touch layer on the first layer 6. The reflective layer
31 comprises a film 32 made from a high molecular weight
reactive cholesteric liquid crystal polymer material mixed
with conventional low molecular weight liquid crystal(s) and
a chiral dopant(s). The film 32 can hence be e.g. a 10 um thick
polarizer, with a bandwidth from 440 nm to 660 nm, and can
be switched from a broadband retlection mode (creating a
reflective boundary) to a narrow-band transmission mode
(creating an opening) by applying an electric field.

The electric field in the film 32 1s controlled to vary over the
time across the area of the film 32 by the control device 20
acting as a voltage controller, applying varying voltages v0,
vl to segmented electrodes 33 on one side of the film 32
which interact with a base electrode 34 on an opposite side of
the film 32. Light L 1s reflected from various sections of the
f1lm 32 so as to generate and control the opening A1 which
corresponds to the opening of FIGS. 1 and 2. More precisely,
when the opening Al 1s to be located at a certain position X,
along the x-direction, a voltage v1 1s applied to a specific
clectrode 33a of the segmented electrodes 33 that spatially
corresponds to the location of the opeming Al, while no
voltage v0 1s applied to the remainder of the segmented elec-
trodes 33. The applied voltage results 1n a light transmissive
opening Al in the film 32 while other sections B1, B2 of the
f1lm 32 provide the reflective boundary that allows the light L
to propagate between the opposite surface and the retlective
boundary.

The voltage v0 must not necessarily be represented by a
zero-value but may be any value representing a ground volt-
age. Depending on the optoelectric material, or on the type of
reflective layer in case of the previous embodiment, the func-
tion of the voltages v0 and vl may be changed such that v0
generates the opening while vl causes the retlective bound-
ary.

Since the spatial distribution of the segmented electrodes
33 i1s known, applying a voltage to one specific electrode to
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the next specific electrode 1n a sequential manner may gen-
erate signal profiles like the signal profile S -x described
above, 1.. a signal profile S,-x that exhibits a local increase 1n
signal level at the position X, along the x-axis that corre-
sponds to the x-position of the specific electrode 33a, and,
accordingly, corresponds to the x-position of the opening Al.
The segmented electrodes 33 are hence activated by applying
voltages such that the above described transter of the opening
Al 1s realized.

In this particular embodiment implementing the reflective
layer 31, the 1llumination arrangement 16 introduces into the
panel 2 polanized light within the relevant bandwidth of the
film 32, such that the boundary B1, B2 and the opening Al 1s
generated 1n the panel 2. Each of the electrodes 33, 34 are
transparent to the light L. and the segmented electrodes 33
have a segmentation that corresponds to the desired width
(parallel with the x-direction) of the opening Al, such as
0.5-30 mm.

It 1s also possible to use segmented electrodes where each
of the segmented electrodes 1s significantly thinner in the
x-direction then the opening Al. In this case several of the
segmented electrodes may be simultaneously activated so as
to generate an opening Al with the proper extension in the
x-direction. The opening A1 may then be transierred by acti-
vating a next (in the x-direction) segmented electrode while
deactivating the last (along the x-direction) of the activated
segmented electrodes.

Preferably, each of the segmented electrodes 33 has a
length that corresponds to the height (parallel with the y-di-
rection) of the opening A1, which typically corresponds to the
tull height of the panel 2. The base electrode 34 can, just like
the film 32, be arranged as a sheet covering the full area
between the first layer 6 and the second layer 10.

As the skilled person realizes, the are numerous other kinds
of controllable reflective layers (polarizing as well as specu-
lar) that may be used for generating a reflective boundary with
a transierable light-transmissive opening. For purpose of
describing such other techniques patent document U.S. Pat.
No. 6,965,420 1s incorporated by reference.

The reflective boundary 8a, 86 can, in another embodi-
ment, be realized by controlling refractive indexes of e.g. the
first layer 6 and/or the second layer 10.

This control 1s based on causing internal reflection between
the boundaries of the relevant layers, where the internal
reflection 1s typically caused by TIR which 1s sustained as
long as the light L 1s injected into the relevant layer at an angle
to the normal of the panel (layer) which 1s larger than the
critical angle at a light-injection site of the panel. The critical
angle 1s however fixed, or at least known at each moment, and
TIR 1s hence governed by the refractive indexes of the layer
receiving the light and the surrounding material. As 1s well-
known to the skilled person, 1t 1s possible to maintain TIR 1n
a layer by selecting a certain ratio between the refractive
indexes of the layer and the maternial surrounding the layer. By
modifying this ratio, TIR can be sustained for obtaining a
reflective boundary like 8a, 86 and TIR can be broken for
obtaining an opening like Al.

With reference to FIG. 4 an embodiment using control of
refractive imndexes for realizing the selective control of the
reflective boundary 8a, 86 1s 1llustrated, where the first layer
6 1s made of an optoelectric material having a variable index
which 1s switchable between a first refractive index nl and a
second refractive index n2 1n response to an applied voltage.
The second refractive index n2 has a higher value than the first
refractive index nl, such that TIR can be sustained in the
second layer 10 at locations B1, B2 where the refractive index
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of the first layer 6 1s n1, while TIR 1s broken at locations Al
where the refractive index of the first layer 6 1s n2.

The voltage 1s applied by the control device 20 acting as a
voltage controller, applying varying voltages v0, vl to seg-
mented electrodes 43 arranged on one side of the first layer 6
which interact with a base electrode 44 arranged on an oppo-
site side of the first layer 6. The electric field induced by the
clectrodes 43, 44 1n first layer 6 1s controlled to vary over the
time across the area of the first layer 6, such that aregion of the
first layer 6 defining the opening A1 has the higher refractive
index n2 allowing light to enter the first layer 6 from the
second layer 10, while remaining regions B1, B2 of the first
layer 6 have the lower refractive index nl for maintaining TIR
in the second layer 10.

Theregion of increased refractive index n2, 1.e. the opening,
Al, 1s transferred 1n the x-direction 1n the manner described
above 1n connection with FIGS. 1 and 2.

Like 1n the embodiment using a spectrum controllable
reflective polarizer, when the opening Al 1s to be located at a
certain position X, along the x-direction, a voltage v1 1s
applied to a specific electrode 43a of the segmented elec-
trodes 43 that spatially corresponds to the location x, of the
opening Al, thus increasing the refractive index from nl to n2
atthe location x,. No voltage v0 1s applied to the remainder of
the segmented electrodes 43.

Since the spatial distribution of the segmented electrodes
43 1s known, applying a voltage to one specific electrode to
the next specific electrode 1n a sequential manner may gen-
crate a signal profile like the signal profile S.-x described
above. Here as well as 1n other embodiments, the position x,,
along the x-axis can be taken as the average position of the
local increase of S;-x along the x-axis, though 1t 1s possible to
use the position X .-s indicative of the end of the opening Al
that faces the incoupling site 13.

The electrodes and voltages can 1n this embodiment be
applied 1n a manner similar with the embodiment of FIG. 3.

The electrodes 43, 44 are arranged to transmuit the light L
and, as the skilled person realizes, there are numerous suit-
able optoelectric materials that can be used for generating the
described difference of refractive indexes. For purpose of
describing such other materials patent documents WO2005/
064365, W0O2002/065177, W0O2002054146 and WO2000/
0113515 are incorporated by reference.

With reference to FIG. 5a the embodiment of FIG. 4 1s
schematically shown {for illustrating the various refractive
indexes in the different layers. As can be seen, the touch layer
5, the second layer 10 and the region of the first layer 6
defining the opening A1 each have the higher refractive index
n2, while regions of the first layer 6 not defining the opening
Al have the lower refractive index nl.

Here as well as in the following embodiments, any parts
having the higher refractive mndex n2 must not necessarily
have the exact same value of the higher refractive index n2; a
refractive index high enough to sustain (or break 1n depen-
dence of requirement) TIR suffices. The same applies for the
lower refractive index nl.

nl and n2 are chosen such that total internal reflection of
the light L. 1s maintained within the second layer 10 until the
light L reaches the opening Al, where 1t enters the first layer
6, enters the touch layer 5 and impinges on the touch surface.
After impinging on the touch surface the light L may be
attenuated by any touching object, before 1t 1s reflected back
towards the second layer 10 where the light L, again, propa-
gates by TIR towards the light detection arrangement. In other
words, the reflective boundary between the first layer 6 and
the second layer 10 1s accomplished by the difference 1n the
refractive indexes nl and n2.
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The width d of the opening A1l 1s preferably determined as
d=2-h-tan o, where h 1s the distance between the touch surface
4 and the reflective boundary 8a, 85, and o 1s the angle
between the direction of the light L incident on the touch
surface 4 and the normal N of the touch surface 4. Also, the
light 1s 1n this and other embodiments preferably injected, e.g.
by selecting a proper width of the light, such that 1t impinges
on the retlective boundary at distances less than the width of
the opening.

Other embodiments for generating an opening by varying,
refractive indexes of the layers are shown 1n FIGS. 55-5f. In
these embodiments the layer with the variable refractive
index can be controlled 1n a manner similar to the control of
the first layer 6 of FIG. 4, and can include a corresponding,
arrangement and control of electrodes.

With reference to FIG. 55, 1t can be seen that the opening,
Al exhibiting the higher refractive index n2 may extend from
a first variable position defined by x,-s to the end (in the
x-direction) of the panel. Accordingly, 1n this embodiment,
alter the light L 1s injected into the second layer 10, the light
L. propagates in the second layer 10 by TIR between the
opposite surface and the reflective boundary formed between
the first 6 and the second layer 10. When the light L reaches
the point x,-s where first layer 6 has the higher refractive
index n2, the light L continues propagating by TIR between
the touch surface and the opposite surface. In this embodi-
ment, the outcoupling site of the panel can be arranged on any
or all of the touch layer, the first layer and the second layer.

More particularly, at the start of each sensing instance the
opening Al covers the full surface of the panel. The opening
Al 1s then continuously decreased until 1t 1s Tully “removed”
(1.e. there 1s no opening) at the outcoupling site, which also
marks the end of a current sensing instance. At the beginning,
of each sensing mstance a touch on the touch surface always
results 1n a local decrease of the signal profile S -y at a posi-
tion along the y-axis that corresponds to the y- posmon of the
touch. However, as soon as the refractive index in the first
layer 6 1s increased to n2 at the location P of the touch, the
light can no longer reach the touch-location P and the touch
cannot cause any attenuation, which results 1n a disappear-
ance ol the local decrease of the signal profile S.-y. The
location P of the touch along the x-direction 1s then deter-
mined as the location of the specific segmented electrode
which activation (appliance of voltage) caused the disappear-
ance of the local decrease of the signal profile S,-v.

When multiple touches are aligned 1n the x-direction, the
S -y signal will include attenuation from each aligned touch at
the beginning of every sensing instance. In this case, every
time the refractive index 1s increased at a touch-location P the
S -y-signal experiences a certain increase 1n signal level. The
very moment the signal level 1s increased to the certain level
(which may be empirically determined), the momentary loca-
tion of the increase 1n refractive index corresponds to the
location P of the touch. Thus, by monitoring how S -y 1s
increased 1n a step-like manner, each location of a number of
aligned touches may be determined.

From this embodiment, it 1s clear that the light L. impinged
on the touch surface may propagate in the first layer 6 as well
as 1n the second layer 10 and 1n the touch layer 3 towards the
light detection arrangement after the opening Al has been
reached. It 1s also possible to omit the touch layer 5 such that
light impinges on a top surface of the first layer 6 instead of
impinging on the touch surface of the touch layer 5.

Furthermore, it 1s also possible to start each sensing
instance with no opening at all such that the retlective bound-
ary covers the full surface of the panel, and then mnitiate and
continuously increase an opening until it fully covers the
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panel which marks the end of a current sensing instance. In
this case, the signal profile S -y will exhibit a local decrease
when the opening reaches a location of a touch, and in case
several touches are aligned 1n the x-direction, there will be a
certain level of decrease each time the opening reaches an
aligned touch.

With reference to FIG. 5¢ another embodiment 1s 1llus-
trated where the refractive index 1s varied within the second
layer 10. Here, the opening A1l 1s formed in the second layer
10 by decreasing the refractive index at the location of the
opening Al, while other parts of the second layer 10 have the
higher refractwe index n2. The first layer 6 and the touch layer
5 each have the lower refractive index nl and the light L 1s
propagated by TIR 1n the second layer 10 until it reaches the
opening Al. When the opening Al 1s reached, the light L can
enter the first layer 6, enter the touch layer S and impinge on
the touch surtace where 1t 1s retlected back towards the second
layer 10 for further propagation towards the outcoupling site.

A touch causing an attenuation of the light LL results in this
embodiment in a decreased signal level in S,-y the very
moment the location P of the touch corresponds to the loca-
tion X, of the opening Al having the lower refractive index
nl. Since the exemplified optoelectric material exhibits an
increase of the refractive index in response to an applied
voltage, and since 1t often 1s desirable to 1dentity the location
X Of the opening Al with a positive signal, a signal profile
defined by the absolute value of (S,-x-1) can be used.

With reference to FIG. 54 another embodiment 1s 1llus-
trated where the refractive index 1s varied within the first layer
6. Here, the opening Al 1s formed in the first layer 6 by
increasing the refractive index to n2 at the location of the
opening Al. Parts of the first layer 6 not comprising the
opening Al have the lower refractive mndex nl, while the
touch layer 5 and the second layer 10 each have the higher
refractive index n2. The light L 1s mtroduced in the touch
layer 5 and propagates by TIR 1n the touch layer 5 until 1t
reaches the opening Al. When the opening Al is reached the
light I can enter the second layer 10 via the opeming and
propagate by TIR 1n the second layer 10 towards the outcou-
pling site.

From the above described propagation of light it follows
that light attenuated by the touch may reach the second layer
10 (and outcoupling site) when the opening Al passes below
the location P of the touch at location X ». In a manner similar
with previous embodiments, the location of a touch can be
determined by the momentary location X, of the opening Al
when the signal profile S -y exhibits a decreased signal level
that characterizes a touch.

In the embodiment of FI1G. 5d 1t 1s possible to introduce the
light 1n the second layer 10, allow the light to enter the touch
layer 5 via the opeming Al and propagate in the touch layer
towards an outcoupling site.

With reference to FIG. 5¢ another embodiment 1s 1llus-
trated. In comparison with the embodiment of FIG. 5a, the
touch layer has been removed and a top surface of the first
layer 6 acts as the touch surtace, while other components and
the method used for determining the location P remain the
same.

In a corresponding manner the embodiments of e.g. FIGS.
56 and 5¢ can be implemented without the touch layer, such
that the first layer defines the touch surface.

With reference to FI1G. 5f'still another embodiment 1s 1llus-
trated, where two openings Al, A2 are formed 1n the firstlayer
6. The openings Al, A2 have the higher refractive index n2
while remaining parts of the first layer 6 have the lower
refractive index nl. The touch layer 5 and the second layer 10
cach have the higher refractive index n2.
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The light L 1s introduced 1n the second layer 10 and propa-
gates by TIR in the second layer 10 until 1t reaches the first
opening Al where it enters the first layer 6, enters the touch
layer 5§ and impinges on the touch surface. The impinged light
L 1s retlected back towards the second opeming A2, passes the
second opening A2, enters the second layer 10 and propagates
by TIR 1n the second layer 10 and towards the outcoupling,
site.

The openings Al, A2, are transferred in the x-direction and
are separated by a fixed distance. More particularly, the dis-
tance between the opemings Al, A2 and the widths of the
openings Al, A2 can be chosen such that all or most of the
light L impinged on the touch surface is reflected back fo
turther propagation 1n the second layer 10. The exact values
of the distance/width may be empirically determined, as they
depend on the wavelength of the light L, how thick each ofthe
layers 1s, materials used for the layers etc. One advantage with
this embodiment includes a possibility to prevent some or all
of the light scattered at the location P from entering the
second layer 10.

The described embodiments for controlling the openming
share a common advantage when the apparatus 1s used
together with an anti-glare surface applied on the touch layer.
The advantage lies 1n a reduced detection difficulty caused by
the anti-glare causing the light to spread out 1n the touch layer
instead of propagating in a collimated beam. The spreading of
the beam occurs 1n each reflection 1n the touch surface. Sev-
eral reflections result 1n a light-beam with reduced intensity 1in
the part of the light that continues propagating towards the
outcoupling site. In the present apparatus this effect is
strongly reduced as the light does not at all times propagate by
reflection on the full touch surface. Instead, the light propa-
gates by retlection at the touch surface for a very short dis-
tance (FIGS. 5qa, 5¢, 5¢ and 5f) or, when using a time distrib-
uted average of the opening, for half the distance the touch
surtace (FIGS. 56 and 5d).

Generally, the layers of the panel may be made of, depend-
ing on layer and embodiment, any controllable retflective
polarizer/specular material/optoelectric material. For layers
not forming the opening(s) any material that transmits a sui-
ficient amount of light 1in the relevant wavelength range to
permit a sensible measurement of transmitted energy can be
used. Such material includes glass and polycarbonates. The
various layers can be attached to each other with e.g. optically
clear glue.

As has been mentioned, there are numerous other ways for
coupling light into and coupling light out from the panel that

might be used just as well. Some suitable techmiques can be
found 1n patent documents U.S. Pat. No. 4,254,222, U.S. Pat.

No. 6,972,753, U.S. Pat. No. 7,432,893, US2006/0114237,
US2007/0075648, W0O2009048365 and U.S. provisional
application No. 61/129,3°73, which documents describe vari-
ous kinds of mcoupling and outcoupling of light as well as
operations for obtaining one or more signals that are 1ndica-
tive of the spatial distribution of light 1n a light transmissive
panel. Accordingly, the light may e.g. be coupled 1nto and/or
coupled out from any of the touch surface and the opposite
surface.

Also, the light may be propagated 1n the panel as substan-
tially straight beams, as diverging/converging/collimated
beams, as coded beams using multiplexing etc. The light can
be generated by one or more light sources, which can be any
type of device capable of emitting light 1n a desired wave-
length range, for example a diode laser, a VCSEL (vertical-
cavity surface-emitting laser), or alternatively an LED (light-
emitting diode), an incandescent lamp, a halogen lamp, etc.
Moreover, the light 1n the various embodiments 1s schemati-
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cally illustrated, and the angle between the direction of the
light incident on the touch surface and the normal of the touch
surface may 1n practice be much greater.

Also, the opening may be transierred 1n a direction along
the light, 1.e. 1n the x-direction, but might for the various
embodiments just as well be transferred 1n the opposite direc-
tion. For the embodiments of FIGS. 56 and 54, a touch 1s then,
depending on the direction of the light, indicated either by an
increase or by a decease 1n the S -y signal profile.

The energy of the light may be measured by any type of
light detector capable of converting light into an electrical
signal. Such a light detector may have any number of light-
sensitive elements and may thus be a O-dimensional, 1-di-
mensional (1D) or 2-dimensional (2D) detector.

From the description above 1t follows that the apparatus 1
implements a method for determining the location P of the
object 3 on the touch surface 4. With reference to FIG. 6, the
method accordingly includes the step 62 of introducing the
light L into either the touch layer S, the first layer 6 or the
second layer 10 for propagation by internal reflection.

In the next step 64, the retlective boundary 8a, 85 1s selec-
tively controlled such that the light-transmissive opening Al
1s formed 1n the reflective boundary 8a. 85, which allows any
light L attenuated by a touch to pass the opening Al and
propagate towards the outcoupling site 14.

In the next step 66, the intensity of any of the light L that
was attenuated at the touch surface 1s recerved and measured
by the light detection arrangement 18.

In the next step 68, the processor unit 22 determines, when
the object 3 touches the touch surface 4 and thereby attenuates
the light L impinged on the touch surtace 4, the location P as
a Tunction of the measured light intensity and the selective
control the reflective boundary 8a, 8b. In this context, control
of the boundary 8a, 85 1s equivalent with control of the
opening Al which includes the transier of the opening Al.

In the final step 70 the opening Al or, depending on
embodiment, an edge portion of the opening Al has been
moved the full width of the panel and the implemented
method 1s repeated 1n an 1terative manner.

Software 1nstructions, 1.e. a computer program code for
carrying out the method may for development convenience be
written 1n a high-level programming language such as Java,
C, and/or C++ but also 1n other programming languages, such
as, but not limited to, interpreted languages. The software
instructions can also be written 1n assembly language or even
microcode to enhance performance and/or memory usage. It
will be turther appreciated that the functionality of any or all
of the functional steps performed by the apparatus may also
be implemented using discrete hardware components, one or
more application specific integrated circuits, or a pro-
grammed digital signal processor or microcontroller.

With reference to FIG. 2, the apparatus 1 can include a
computer-readable medium 29 storing processing (soitware)
instructions that, when executed by the processor unit 22,
performs the method implemented 1n the apparatus 1.

The method implemented in the apparatus can of course
also include various processing steps performed on the
obtained signal profiles S-x and S -y.

For example, the signal profiles may be processed for
determining a plurality of touch locations simultaneously
present on the touch surface. The signal profiles may be
processed for noise reduction using standard filtering tech-
niques, e¢.g. low-pass filtering, median filters, Fourier-plane
filters, etc. Furthermore, 11 the energy of the emitted light 1s
measured in the apparatus, the signal profiles may be com-
pensated for temporal energy tluctuations 1n the 1llumination
arrangement. Furthermore, the signal profiles may contain
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sensor readings from outside the region of interest, e.g. out-
side a sensing area of the panel. Thus, the signal profiles may
be pre-processed by extracting relevant parts thereot. Further-
more, the signals may be rectified, 1.e. converted to have
equidistant sampling distance in the panel coordinate system.
Such a rectification may include interpolating each measure-
ment signal with a non-linear angle variable, resulting 1n a
data set with samples that are evenly distributed over the
panel.

The signal profiles may also be used for determining back-
ground signal profiles representing a state where no touch 1s
present on the touch surface. Such background signal profiles
can then be updated 1n various ways and can be applied on a
current set of the signal profiles for removing the effect of
various contaminations on the touch surface, for example by
dividing the current signal profiles with the background sig-
nal profiles. The resulting signal profiles can then be used for
determining the location of the touch.

It shall be noted that the illustrated signal profile S-y
derived by measuring the intensity of light 1s schematic and
may exhibit various other decreases 1n signal levels, e.g. due
to contaminations on the touch surface and impurities 1n the
layer 1n which the light propagates. However, known filtering
techniques may solve this problem.

Although various embodiments of the invention have been
described and shown, the invention 1s not restricted thereto,
but may also be embodied in other ways within the scope of
the subject-matter defined by the above described apparatus.
In particular, the invention may be implemented by using
other techniques for controlling a reflective boundary such
that a light-transmissive, transierable opening 1s formed in
the reflective boundary. Also, the mvention may be imple-
mented by using numerous other ways for coupling light into
and out from the panel, and by using additional signal pro-
cessing techniques operating on the measured light intensity
and the selective control of the reflective boundary.

The mvention claimed 1s:

1. An apparatus for determining a location of at least one
object on a touch surface, the apparatus comprising;:

a light transmissive panel defining the touch surface and
comprising a first layer and a second layer arranged
intermediate the touch surface and an opposite surface,

a controllable reflective boundary formed between the first
layer and the second layer,

an 1llumination arrangement configured to introduce light
into the panel for propagation by internal reflection and
for allowing the light to impinge on the touch surface,

an electrical control device configured to selectively con-
trol the reflective boundary for forming a light-transmis-
stve opening in the retlective boundary, such that at least
a portion of the introduced light passes between the first
layer and the second layer via the opening,

a light detection arrangement configured to receirve and
measure an intensity of the light passed via the opening
and impinged on the touch surface, and

a processor unit configured to, when the object touches the
touch surface and thereby attenuates the light passed via
the opening and impinged on the touch surface, deter-
mine the location as a function of the measured light
intensity and the selective control of the reflective
boundary,

wherein the first layer includes a refractive index different
from a refractive index of the second layer, for forming
the controllable reflective boundary, and

wherein the control device 1s configured to form the open-
ing by locally decreasing the difference in refractive
indices of the first layer and the second layer.
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2. The apparatus according to claim 1, wherein the first
layer includes a lower refractive index than the second layer,
for forming the controllable reflective boundary.
3. The apparatus according to claim 1, wherein the first
layer comprises a variable refractive index.
4. The apparatus according to claim 3, wherein the opening,
1s formed by a local increase of the refractive index of the first
layer.
5. The apparatus according to claim 1, wherein the second
layer comprises a variable refractive index.
6. The apparatus according to claim 1, wherein the opening
1s formed by a local decrease of the refractive index of the
second layer.
7. The apparatus according to claim 1, wherein a reflective
layer 1s arranged between the first layer and the second layver,
for forming the controllable reflective boundary.
8. The apparatus according to claim 1, wherein the control
device 1s configured to systematically transfer the opening
across the touch surface.
9. The apparatus according to claim 1, wherein the control
device 1s configured to systematically transfer the opening 1n
a direction parallel with a path of the light from the 1llumina-
tion arrangement to the light detection arrangement.
10. The apparatus according to claim 1, wherein the open-
ing 1s elongated and extends between two opposite sides of
the panel.
11. An apparatus for determining a location of at least one
object on a touch surface, the apparatus comprising;:
a light transmissive panel defining the touch surface and
comprising a first layer and a second layer arranged
intermediate the touch surface and an opposite surface,
a controllable reflective boundary formed between the first
layer and the second layer,
an 1llumination arrangement configured to introduce light
into the panel for propagation by internal reflection and
for allowing the light to impinge on the touch surface,
an electrical control device configured to selectively con-
trol the retlective boundary for forming a light-transmis-
stve opening in the retlective boundary, such that at least
a portion of the mntroduced light passes between the first
layer and the second layer via the opening,
a light detection arrangement configured to receirve and
measure an mtensity of the light passed via the opening
and 1impinged on the touch surface, and
a processor unit configured to, when the object touches the
touch surface and thereby attenuates the light passed via the
opening and impinged on the touch surface, determine the
location as a function of the measured light intensity and the
selective control of the reflective boundary,
wherein the opening 1s elongated and extends between two
opposite sides of the panel, and
wherein a width of the elongated opening 1s larger than a
distance defined by:
the distance between the reflective boundary and the
touch surface, and

an angle between a normal direction of the touch surface
and the direction of the light impinged on the touch
surtace.

12. The apparatus according to claim 1, wherein the control
device 1s configured to selectively control the reflective

boundary such that a light-transmissive, further opening 1s
formed 1n the reflective boundary, allowing the light
impinged on the touch surface to pass between the first layer
and the second layer via the further opening.
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13. The apparatus according to claim 1, wherein the pro-
cessor unit 1s configured to determine the location of the at
least one object as a function of a momentary location of the
opening.

14. The apparatus according to claim 1, wherein the panel
comprises a touch layer and wherein the first layer and the
second layer are arranged underneath the touch layer.

15. The apparatus according to claim 1, wherein
the second layer 1s arranged underneath the first layer,
the 1llumination arrangement 1s configured to introduce

light into the second layer, and

the control device 1s configured to selectively control the

reflective boundary such that the opeming allows the
light to enter the first layer from the second layer and
impinge on the touch surface.

16. The apparatus according to claim 15, wherein the con-
trol device 1s configured to selectively control the reflective
boundary such that the light impinged on the touch surface 1s
allowed to enter the second layer from the first layer, for
turther propagation in the second layer and towards the light
detection arrangement.

17. The apparatus according to claim 15, wherein the con-
trol device 1s configured to selectively control the reflective
boundary such that the light impinged on the touch surface 1s
allowed to propagate in the first layer and towards the light
detection arrangement.

18. The apparatus according to claim 1, wherein the panel
1s configured to allow propagation of the light by total internal
reflection.

19. A method 1n an apparatus for determining a location of

at least one object on a touch surface, the apparatus compris-
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ing a light transmissive panel defining the touch surface and
comprising a {irst layer and a second layer arranged interme-
diate the touch surface and an opposite surface, and a con-
trollable reflective boundary formed between the first layer
and the second layer, the method comprising:
introducing light into the panel for propagation by internal
reflection and for allowing the light to impinge on the
touch surface;
clectrically controlling the retflective boundary for forming,
a light-transmissive opening 1in the retlective boundary,
such that at least a portion of the introduced light passes
between the first layer and the second layer via the
opening;
recerving and measuring an intensity of the light passed via
the opening and impinged on the touch surface; and
determining, when the object touches the touch surface and
thereby attenuates the light passed via the opening and
impinged on the touch surface, the location as a function
of the measured light intensity and the selective control
of the reflective boundary,
wherein the first layer includes a refractive index different
from a refractive index of the second layer, for forming,
the controllable reflective boundary, and
wherein the opening 1s formed by locally decreasing the
difference 1n refractive indices of the first layer and the
second layer.
20. A tangible computer-readable medium storing process-
ing mstructions that, when executed by a processor, performs
the method according to claim 19.
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